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Introduction
. A schematic representation of the developments in scorpionate chemistry. From left to right: hydrotris(pyrazolyl)borate (Tp) (far left) [1, 2] ; the soft scorpionates hydrotris(methimazolyl)borate (Tm R ; R = Me, Ph, t Bu, etc)(centre left, top) [4, 5] and hydrotris(mercaptobenzothiazolyl)borate (Tbz)(centre left, below) [9] ; selenium and oxygen donor systems (centre right) [6, 14, 15] ; and the poly(alkylthioalkyl)borates (right) [3, 16] . The tetrakis(thioalky)borate anion (top right) was the first alternative soft donor system to be reported [3] .
The use of 1-methyl-imidazole-2-thione as a precursor for the synthesis of scorpionates has stimulated an interest in the use of alternative heterocycles in the synthesis of soft poly(azolyl)borate anions. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] Not only has there been an increase in the range of heterocycles employed (benzoimidazole-2-thione, 6 1,3,4-thiadiazole-2-thione, 7, 8 benzothiazole-2-thione, 9 thiazolidine-2-thione, 9, 10 1,2,4-triazole-5-thione, 11 pyridine-2-thione, 12 pyridazine-2-thione 13 ) but the range of donor atoms has also expanded, with systems containing nitrogen, 1, 2, 6 , sulfur, [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] selenium, 14, 15 oxygen 6 and phosphorus 16 donors ( Figure 1 ) having all been reported. The chemistry being generated using these species is diverse, but within the reports on the complexes of soft scorpionates are results which suggest that in some circumstances these ligands may be prone to decomposition. 4 The hydrotris(mercaptobenzothiazolyl)borate anion (Tbz, Figure 1 ) was first reported in 2001, 9 yet, apart from the single thallium(I) complex in the original paper, no further metal complexes were reported until 2012. 17 Given the widespread use of these soft scorpionate ligands, this lack of utilisation hints at an underlying problem. Indeed a recent study on the alkylation of benzothiazole-2-thione and thiazolidine-2-thione based soft scorpionates demonstrated that the B-N bond is readily severed in response to S-alkylation. 18 The implication is that as electron density is removed from the heterocycle the B-N bond weakens. For the parent methimazole based species the alkylated nitrogen atom within the ring, which bears a negative charge, can compensate for these changes. However for species which contain an internal sulfur atom, which bears a positive charge, this may not be the case. The inference was that the synthesis of metal complexes derived from the hydrotris(mercaptobenzothiazolyl)borate anion (Tbz, Figure 1 ) would only be possible with electron rich, "soft" metals (e.g thallium), but that when challenged with stronger Lewis acids decomposition should occur. 9, 18 The recent study by Baba et al, 17 reporting the synthesis and structure of a cobalt Tbz complex, was thus of some interest and stimulated us to re-visit the chemistry of the hydrotris(mercaptobenzothiazolyl)borate anion with salts of mercury, antimony, bismuth, and cobalt.
Experimental
Unless otherwise stated all chemicals were commercially obtained and used without further purification. NaTbz was prepared as previously reported. 18 All NMR spectra were recorded on either a Bruker DPX400 or a Bruker AV500 spectrometer. The spectra were referenced to internal solvent peaks and thus to TMS. Infra-red spectra were recorded as KBr discs using a Nicolet Avatar 360 FT-IR spectrometer. Mass spectra were recorded using a Thermo Finnigan LCQDuo by electrospray ion trap and a Thermo scientific LTQ orbitrap for accurate mass.
Crystals were coated in mineral oil and mounted on glass fibres. Data were collected at 123K on an Oxford Instruments CCD diffractometer using graphite monochromated Mo-K radiation.
The heavy atom positions were determined by Patterson methods and the remaining atoms located in the difference electron density maps. Full matrix least squares refinement was based on F 2 with all non-hydrogen atoms refined anisotropically. While the hydrogen atoms were mostly observed in the difference maps, they were placed in calculated positions riding on the parent atoms. The structure solution and refinement used the programs SHELX-97 19 or SIR 92 20 and the graphical interface WinGX. 21 A summary of the crystallographic parameters are given in Table 1 .
Reaction of NaTbz with mercuric iodide
Mercuric iodide (0.11 g, 0.25 mmol) and NaTbz (0.13 g, 0.25 mmol) were stirred overnight in THF/CHCl 3 (20 ml figure S1 ) Reaction of NaTbz with Antimony triiodide Antimony triiodide (0.13 g, 0.26 mmol) and NaTbz (0.14 g, 0.27 mmol) were stirred overnight in THF/CHCl 3 (1:1 by volume, 10 ml). A blood red coloured solution resulted, which deepened in colour with time and deposited a red solid (0.15 g). The precipitate was collected, extracted with DMF, filtered and crystallised by the slow vapour diffusion of the DMF solution with diethyl
ether. An inspection of the sample revealed the presence of two crystal types; red and yellow.
Although representative examples of each crystal form could be isolated for analysis by X-ray methods, the sample was dominated (ca 75%) by the yellow material i.e. [C 21 The spectra were calibrated to the residual solvent (resonance position and integral) for display. 
Reaction of bismuth iodide with NaTbz in chloroform
A solution of bismuth iodide (0.15 g, 0.25 mmol) in chloroform (10 ml) was stirred with a suspension of NaTbz (0.27 g, 0.51 mmol) in chloroform (10 ml). A dark suspension formed which was filtered to give a purple solution. The solvent was removed to give an orange residue. 
Results and Discussion
Sodium hydrotris(mercaptobenzothiazolyl)borate (NaTbz) was prepared in the melt from mercaptobenzothiazole (m.p. 166 o C) and sodium borohydride in a 3:1 molar ratio as previously described.
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The subsequent treatment of this species with mercuric iodide followed by recrystallisation produced a yellow crystalline mass. Closer inspection of the product revealed the presence of two different crystal types (both pale yellow in colour). The minor product formed needle shaped crystals, while the major product adopted a block-like morphology. Single The products of the reaction of NaTbz with antimony iodide depended on the reaction time. If the reaction time was short (3hrs) then extraction of the precipitated product into DMF and vapour diffusion with diethyl ether led to a red crystalline material. X-ray crystallography reveals that this contains the [Sb(Tbz)I 3 ] -anion, but no identifiable cation as a result of serious crystallographic disorder. Longer reaction times (overnight) followed by a similar extraction and crystallisation procedure also resulted in a crystalline mass but now containing two distinct products. In this case they were easily identifiable by eye, since the major product was yellow in colour and the minor product red. Structural analysis showed the yellow product to be the iodide salt of the CPH cation (see supplementary material), while the red material was revealed to be an unusual salt containing a CPH cation and an [Sb(Tbz)I 3 ] -anion ( figure 4) . If the mixture is stirred for several days the major product is a brown material which also analyses as CPH[Sb(Tbz)I 3 ].
These materials do not undergo further decomposition in the solid state. Figure 4 : The X-ray molecular structure of the hydrotris(benzothiazolyl)triiodoantimonate salt of CPH. Hydrogen atoms and solvent molecules are omitted for clarity. Thermal ellipsoids are shown at a probability of 50%.
The soft scorpionate (Tm R ) complexes of antimony are known to adopt a variety of structures. 25 In contrast to bismuth 25, 26 and arsenic ). The species reported here is unusual in that it is not only anionic but it has a more regular geometry at the metalloid suggesting that for this species the non-bonded electron pair is not directional in nature.
The products of the syntheses discussed above show that both complexation and desulphurisation/ring closure of the Tbz anion occur. There is no evidence that, under ambient conditions, either decomposition or the observed intramolecular ring closure can occur in NaTbz alone (NMR samples of NaTbz in d 6 -dmso or d 6 -acetone are unchanged over several weeks), 18 although in the mass spectrum of NaTBz the CPH species is observed. The presence of antimony or mercury ions, perhaps acting as chalcophiles, seems to be essential to the overall process observed here. The fate of the abstracted sulphur atom is not clear, but no formation of H 2 S or elemental sulphur is observed and it is possible that metal sulphides are formed. Powder XRD on residues from the antimony reaction show very weak peaks that may be attributable to Sb 2 S 3 , but we cannot state conclusively that this is the case. While we can propose a reaction sequence which includes the formation of a  Not only do the resonances move to lower field in response to the presence of the metalloid and the negative charge, but the spectrum sharpens and resolves into three groups, indicating a lack of exchange on the NMR timescale, which is indicative that the Tbz ligand is coordinated in the Since it was clear that the antimony and mercury complexes were prone to a degree of decomposition, the study was extended to include bismuth in the hope of forming a more stable product with the less Lewis acidic heavier metal. The initial efforts, reacting BiI 3 with NaTbz in We see again that the poor solubility of the Tbz complex results in the rapid precipitation of the product from solution, thus preserving the bulk of the product. However, there is some evidence of decomposition in the isolation of the benzothiazole complex described above. An analysis of the reaction mixture does not give any evidence for HCP salts, but the release of the desulfurised heterocycle clearly supports a mechanism involving the fission of the B-N bond and the elimination of the thione sulfur. This process is an integral aspect of the mechanism which leads to the formation of HCP. However, in the presence of cobalt this process would seem to potentially be more extensive. The instability of [Co(Tbz) 2 ] in DMF solution was noted previously, although the decomposition product was not identified.
Conclusions
These studies confirm the inherent instability of certain complexes of the Tbz anion. With large, soft metals complexation is observed, and with bismuth a stable complex anion is the sole product. In the case of antimony and mercury, significant decomposition of the initially formed complexes is apparent over a few hours, resulting in a cationic pentacyclic heterocycle and further degradation to release free benzothiazole-2-thione. With the smaller, and much harder cobalt(II) ions the Co(II) complex precipitates, but a small amount of a product (a cobalt complex of benzothiazole) indicating a more complete decomposition of the parent Tbz anion is observed.
It seems that the inclusion of a sulphur atom in the heterocycle ring results in a less robust scorpionate ligand, as predicted previously, 24 and it is notable that the only other example of such a scorpionate, that utilising thiazolidine-2-thione, also has no reported metal complexes. It will be interesting to see whether other complexes with these ligands are synthesised in the future.
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